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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention generally relates to a 
method and apparatus for measurement of electrical 
properties in a semiconductor wafer, and more particu- 
larly, to the measurement of the electrical properties of 
a dielectric layer on a semiconductor wafer. 

Discussion of the Related Art 

[0002] The determination of electrical properties of a 
dielectric layer on a semiconductor wafer body is a crit- 
ical factor in the production of such wafers as is well 
known in the art. Measurements such as dielectric rup- 
ture voltage, dielectric field strength, time dependent di- 
electric breakdown and oxide charge measurements, 
for example, are typically accomplished by first fabricat- 
ing metal or doped polysilicon mesas over the dielectric 
layer that serve as electrical contacts to which measure- 
ment probes may be applied. The metal mesas or dots, 
together with the dielectric layer and substrate, form a 
metal-oxide-semiconductor (MOS) structure. Fabrica- 
tion of the metal mesas is a time-consuming and costly 
operation. It typically involves the selective evaporation 
of aluminum metal dots onto the dielectric or oxide layer, 
as well as the evaporation of a blanket aluminum layer 
on the back of the wafer. With respect to the latter, any 
oxide on the back side of the wafer must first be stripped 
from the back side of the wafer before the back side alu- 
minum evaporation. Generally, a metal mask with an ar- 
ray of various size apertures is positioned immediately 
in front of the wafer to determine where dots will be 
formed during aluminum evaporation. A sintering and 
alloying process is then completed to reduce interface 
states charge at the oxide/silicon interface and to reduce 
contact resistance between the back side aluminum and 
silicon. Another disadvantage of this technique is its in- 
vasiveness within the wafer structure, resulting in inac- 
curacies being introduced in electrical measurements. 
[0003] In addition to the above, MOS Capacitance- 
Voltage (C-V) measurements are very useful for fixed, 
mobile, and surface states charge characterization; 
however, for a variety of charge measurement require- 
ments, the conventional MOS method can be prohibi- 
tively expensive and inconvenient. For MOS charge 
measurements on monitor wafers, sample preparation 
typically includes frontside aluminum dots and backside 
blanket aluminum. Such sample preparation is costly, 
time consuming and destructive. In addition, for MOS 
charge monitoring on product wafers, a highly desirable 
feature, such as being able to test arbitrary locations at 
almost any stage of processing, is not a practical pos- 
sibility. 

[0004] In U.S. Patent 5,023,561 , entitled "Apparatus 



and Method For Non-invasive Measurement of Electri- 
cal Properties of a Dielectric Layer in a Semiconductor 
Wafer", assigned to Solid State Measurements, Inc., 
and issued on June 11 , 1991 , an apparatus is disclosed 

5 which includes a probe tip having a uniformly flat contact 
portion. The metal probe of the '561 patent is used for 
contacting a dielectric layer on a wafer in order to obtain 
C-V measurements for dielectric charge determina- 
tions. To liken, but still distinguish, the use of a probe 

10 electrode for "MOS like" measurements from MOS, the 
term Probe-Oxide-Semiconductor (hereinafter "POS") 
will be used throughout the text of this specification. The 
geometry and operating conditions of the '561 metal 
POS probe includes an extremely flat geometry and a 

is relatively low, non-deforming pressure on the order of 
1 0 psi. (1 psi = 6894 Pa), the low pressure being a prop- 
er pressure for avoiding damage of the test sample sur- 
face. The flat geometry of the '561 metal POS probe 
presents a sharp edge, which if excessive force were 

20 applied to the probe in contacting the dielectric, would 
increase the probability for damage and cracking to oc- 
cur in the dielectric layer. For an increasingly thin die- 
lectric layer range, on the order of 1 0-50 nm (1 00-500A), 
presently being used in CMOS technologies, the '561 

25 metal POS probe is not well suited. For example, in the 
instance of a 10 nm thick dielectric, the effective air gap 
between the '561 probe tip and the dielectric surface 
would need to be less than 0.3 nm for a C-V character- 
istic to have less than a 1 0% error. This would be difficult 

30 to achieve, even with a perfectly flat probe, since 0.3 nm 
could be on the order of the surface roughness of the 
oxide or dielectric layer under test. To compensate for 
any surface roughness using the '561 probe, a higher 
pressure may be applied to close up any small air gaps; 

35 however, the resultant stress near the sharp edge of the 
flat probe greatly increases the likelihood of surface 
damage to the test sample. Additionally, the '561 POS 
test probe involves a polishing process, not subject to 
high repeatability, for use in making the same, and thus 

40 results in increased variations between probes. 

[0005] There is thus needed an improved method and 
apparatus well suited for obtaining MOS C-V measure- 
ments, absent the problems, difficulties, and limitations, 
as discussed above. 

45 

SUMMARY OF THE INVENTION 

[0006] An object of the present invention is to provide 
a improved POS probe, and a method of making the 
50 same, for overcoming the above-mentioned disadvan- 
tages in the art. 

[0007] Another object of the present invention is to 
provide a POS probe, and method of making the same, 
for improved POS measurements through improved 
55 coupling to a dielectric being measured. 

[0008] According to the invention, a probe, and meth- 
od of making the same are provided as defined in claims 
1 and 3. The probe is suitable for Probe-Oxide-Semi- 
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conductor (POS) electrical characterization measure- 
ments of a dielectric layer on a semiconductor substrate 
and is manufactured from an electrically conductive 
probe needle, the needle having a rounded tip end of a 
first radius, the rounded tip end further being suitable 
for undergoing a plastic deformation. The needle is po- 
sitioned above the dielectric layer on the semiconductor 
substrate and the needle tip forced down onto the 
smooth surface of the dielectric layer in a controlled 
manner for causing the needle tip to undergo a plastic 
deformation in which an outer portion of the rounded tip 
end is maintained at the first radius and an inner portion 
of the rounded tip end is increased to a second radius, 
the second radius being larger than the first, thus form- 
ing the probe needle of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The foregoing and other teachings of the 
present invention will become more apparent upon a de- 
tailed description of the best mode for carrying out the 
invention as rendered below. In the description to follow, 
reference will be made to the accompanying drawings, 
in which: 

Fig. 1 shows a first step in the making of a probe 
according to the present invention; 

Fig. 2 shows a second step in the formation of a 
probe according to the present invention; 

Fig. 3 shows a probe according to the present in- 
vention in preparation for a C-V measurement; 

Fig. 4 shows a probe according to the present in- 
vention during a C-V measurement; 

Fig. 5 shows a C-V measurement incorporating a 
probe according to the present invention; and 

FIG. 6 is illustrative of measurement results ob- 
tained using a probe according to the present inven- 
tion, in comparison with results obtained using a 
conventional MOS C-V method. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0010] Referring now to FIGS. 1 and 2, the method 
according to the present invention for forming a probe 
suitable for POS electrical characterization measure- 
ments begins with providing an electrically conductive 
probe needle 10. The needle 10 is characterized by a 
rounded tip end 12 of a first radius of curvature R v the 
rounded tip end 12 being suitable for undergoing a de- 
sired plastic deformation, i.e., a permanent deformation, 
as will be explained in further detail hereinbelow. The 
needle 10 preferably comprises a stable, corrosion re- 



sistant, metal and further having mechanical properties 
that provide for plastic deformation. Such a needle can 
comprise a tungsten probe needle, such as are com- 
mercially available from Moser Jewel Company of Perth 
s Amboy, New Jersey. Typical dimensions for needle 10 
may comprise, for instance, a length dimension on the 
order of one (1 ) inch (1 inch = 2.54 cm), a cross -section- 
al dimension on the order of a twenty-eight (28) mil (1 
mil = 25 |im) diameter along a major portion thereof, a 
10 tapered section having a taper on the order of ten (10) 
degrees, and a round tip with a radius of curvature on 
the order of one-half (0.5) mils (or as expressed in mi- 
crons, 12.5 ujti). Other dimensions, suitable to the re- 
quirements of a particular POS measurement applica- 
15 tion, may be used as necessary. It should be noted that 
present commercially available tungsten probe needles 
are inadequate for the purposes of performing POS 
electrical characterization measurements, that is, they 
perform poorly due to their non-optimal shape, as will 
be subsequently discussed. According to the present in- 
vention, an optimal shape comprises a needle tip having 
a radius of curvature that is first large, over a short arc, 
and then rapidly changes to a small radius of curvature 
with increasing arc. The end portion of the needle tip, 
having a large radius of curvature, is used for making 
intimate, highly conformal contact with the dielectric lay- 
er of interest. Beyond the arc of the needle tip corre- 
sponding to the large radius of curvature, the much 
smaller radius of curvature of the needle tip rapidly 
curves away from the dielectric layer of interest (i.e., the 
semiconductor surface) in order to create a well defined 
intimate contact area and further provide for accurate 
POS measurements, discussed supra. 
[0011] According to the present invention, needle 10 
is advantageously conditioned according to the follow- 
ing. Needle 10 is positioned above a semiconductor 
substrate 14. Substrate 14 may comprise any suitable 
substrate, capable of elastic deformation (i.e., non-per- 
manent deformation), such as a silicon substrate. On a 
top surface of substrate 14 is a dielectric layer 16, die- 
lectric layer 16 comprising a thermal oxide layer, for ex- 
ample. Dielectric layer 16 is further characterized by a 
relatively smooth top surface 15. Semiconductor sub- 
strates and dielectric layers are well known in the art 
and thus not discussed in great detail herein. 
[0012] As indicated above, needle 10 is positioned 
above substrate 1 4, such that the rounded tip 1 2 is prox- 
imate to surface 15 of dielectric layer 16. Thereafter, 
needle 10 is forced down onto the smooth surface 15 of 
the dielectric layer 16 in a controlled manner for causing 
the needle tip 12 to undergo a desired plastic deforma- 
tion (or permanent deformation) in which an outer por- 
tion 18 of the rounded tip end 12 is maintained at the 
first radius R } and an inner portion 20 of the rounded tip 
end 1 2 is increased to a second radius Rg, the second 
radius R 2 being larger than the first radius R v 
[001 3] More particularly, needle 1 0 is positioned sub- 
stantially perpendicular to the top surface 15 and the 
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semiconductor substrate 14. Needle tip end 12 is slowly 
and gently lowered down and brought into contact with 
the dielectric layer 16, and thereafter forced down onto 
dielectric layer 16 with a force sufficient for developing 
a conditioning pressure (i.e., plastic deformation pres- 
sure) to provide the desired conditioning of the probe 
needle 10 (i.e., plastic deformation). The conditioning 
pressure developed between probe needle 10 and the 
dielectric layer 16/substrate 14 structure combination, 
must be sufficient for causing needle tip 12 to undergo 
the desired plastic deformation, that is, corresponding 
to a pressure for forming the inner portion 20 of probe 
tip 12 to have a desired radius, while maintaining the 
outer portion 18 at the first radius. The force sufficient 
for developing the conditioning pressure is applied in 
such a manner as to avoid fracturing of the probe tip 1 2 
while enabling the desired plastic deformation thereof 
to occur. 

[0014] In a first instance, a force F 1 is applied to probe 
10, the force F 1 being sufficient so as to develop the 
conditioning pressure comprising a pressure in a range 
from a first pressure to a second pressure. For example, 
force Ft comprises an increasing force, from a first force 
to a second force, corresponding to a range on the order 
of 0.001-0.016 pounds (i.e., 0.01-7.3 grams (1 gram- 
force = 9.8x1 0* 3 N)). Force F-, is sufficient to provide a 
conditioning pressure in the range from a first pressure 
on the order of 0-100 psi to a second pressure on the 
order of 100,000-150,000 psi. The second pressure is, 
more preferably, on the order of 130,000 psi. 
[0015] Preferably, the force F-^ is applied in a gradual 
manner, that is, gradually from the first force to the sec- 
ond force, whereby pressure is gradually developed, be- 
ginning from the first pressure and increasing to the sec- 
ond pressure, at a controlled rate to avoid fracturing of 
the probe tip 12. Force F-, may be gradually increased 
in either a continuous manner or an incremental man- 
ner. In the continuous manner, the force is continuously 
increased at a slow rate. In the incremental manner, the 
force is incrementally increased, for example, in incre- 
ments of approximately 0.0008 pounds, at a slow rate. 
[0016] A gradual increase in the applied force F-, is 
highly desirable since material comprising the probe tip 
12 must absorb and/or relieve the pressure applied as 
a result of the force F v and additionally, at the rate at 
which force F-, is applied. That is, the material compris- 
ing probe tip 1 2 undergoes a material or molten flow to 
relieve the pressure applied as a result of force F v If the 
material comprising probe tip 12 is stressed beyond it's 
ability to flow, a rupture or fracture in the probe tip 12 
can occur. Thus, the force F^ is selected so as to sub- 
stantially reduce any excessive shock to the probe tip 
1 2 material, thereby avoiding probe tip 1 2 material frac- 
ture. 

[001 7] The dielectric layer 1 6 and the substrate 1 4 un- 
dergo a limited amount of elastic or temporary deforma- 
tion during the conditioning of probe 10, and more par- 
ticularly, conditioning of probe tip 12, as shown in FIG. 



2. This is due in part because of the somewhat elastic 
nature of the dielectric layer 16 and substrate 14. The 
limited temporary deformation is primarily due to the 
high pressure contact (i.e., over a small contact area) 

s with the relatively stiff er needle tip 1 2. When elastic bod- 
ies are brought into contact, under high pressure, tem- 
porary elastic deformation occurs near the points of con- 
tact. Solid materials are composed of atoms that are 
held together by bonds that behave as microscopic 

10 springs. Elastic behavior of various materials can be de- 
scribed by materials constants that relate stress (ap- 
plied pressure) to strain (change in physical dimensions 
due to stress). Young's Modulus, Y, is one such con- 
stant. The probe tip comprising tungsten is relatively 

15 much stiffer than the silicon substrate (i.e., the tungsten 
probe tip having about a three times higher Young's 
Modulus than silicon). 

[001 8] As a result of the controlled plastic deformation 
of the probe tip 1 2 according to the invention, the probe 

20 tip 12 comprises an optimal shape for POS electrical 
characteristic measurements. That is, the tip 12 has a 
much larger radius of curvature, on the order of 1 35 mils 
(or as expressed in microns, 3,500 |im), for example, 
and is partially work hardened for increased mechanical 

25 stability. Thus, the conditioned probe 10 provides a good 
compromise between 1) the small area needed for a 
high pressure, intimate contact and 2) a large enough 
area necessary for minimizing electrical noise in POS 
measurements. 

30 [0019] A POS apparatus 100 for producing a POS 
probe according to the method described above, will 
now be described with reference to FIG. 5 and further 
in accordance with the present invention. POS appara- 
tus 100 further provides for electrical characterization 

35 measurements of a dielectric layer 1 6 on a semiconduc- 
tor substrate 14 utilizing the POS probe of the present 
invention. POS apparatus 100 comprises a means 110 
for supporting the semiconductor substrate in a pre- 
scribed position, such as any well known suitable con- 

40 ductive semiconductor wafer chuck. A first suitable con- 
tact means 112 electrically contacts the substrate 14 
and substrate support means 110. A suitable means 
114, such as a non-conductive clamp, is provided for 
receiving electrically conductive probe needle 10, and 

45 preferably to position probe needle 1 0 substantially per- 
pendicular to the semiconductor substrate 14. Probe 
needle 10, when unconditioned, comprises a needle 
having a rounded tip end of a first radius, the rounded 
tip end further being suitable for undergoing a plastic 

50 deformation as discussed hereinabove. 

[0020] A means 1 1 6 is electrically connected between 
said first contacting means 112 and the probe needle 
10. Means 118 provides an electrical characterization 
measurement, representative of an electrical character- 

55 istic of the dielectric layer 1 6, such as a capacitance- 
voltage measurement, when the probe needle 10 is in 
electrical contact with the dielectric layer as will be fur- 
ther discussed hereinbelow. Electrical characterization 
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measurement means 116 comprises an AC generator 
1 1 8 for providing an AC output signal to wafer chuck 1 1 0 
and substrate 14 via electrical contact means 112. AC 
generator may comprise any suitably known generator. 
AC generator 118 is further connected to lock-in ampli- s 
fier 1 20 for providing a synchronous AC output signal 
from AC generator 118 to a synchronous input of lock- 
in amplifier 1 20. Lock-in amplifier 1 20 may comprise any 
suitably known lock-in amplifier. Electrical characteriza- 
tion means 116 further comprises a circuit network of 
resistor R1, capacitor C, and resistor R2, electrically 
connected to probe 10 at an opposite end from probe 
tip 1 2. A high impedance buffer 1 22 is further connected 
at one end thereof at a node between capacitor C and 
resistor R2 and is further connected at a second end 
thereof to lock-in amplifier 120. High impedance buffer 
122 is placed close to the probe needle 10 to provide 
good signal-to-noise traces with respect to the relatively 
small POS capacitance values to be measured. Buffer 
122 is electrically connected to a signal input of lock-in 
amplifier 120 to further enhance signal-to-noise. A DC 
ramp generator 124 is electrically connected to an op- 
posite end of resistor R1 and further connected to an X- 
input of X-Y plotter 1 26. DC ramp generator 124 and X- 
Y plotter 1 26 may comprise any suitable DC ramp gen- 
erator or X-Y plotter, respectively, known in the art. The 
signal output of lock-in amplifier 120 is connected to the 
Y-inputof X-Y plotter 126. 

[0021] A positioning means 128 is mechanically con- 
nected to receiving means 11 4 for positioning receiving 
means 1 1 4 such that a probe needle 1 0 received therein 
is positioned above the dielectric layer 16 on the semi- 
conductor substrate 14. Positioning means 128 can 
comprise, for example, any suitable mechanical means, 
such as a linear translation device having flexure arms 
1 30 or flat springs attached thereto. Preferably, position- 
ing means 128 is electrically controllable. Translation of 
flexure arms 130 in a upward/downward movement, as 
indicated by arrow 132 in FIG. 5, effectively raises/low- 
ers needle 10. Continued translation of flexure arms 130 
downward, subsequent to needle 10 contacting dielec- 
tric layer 16, results in a force being applied to needle 
10. The amount of deflection of flexure arms 130 is pro- 
portional to an amount of force applied to needle 1 0 up- 
on dielectric layer 16, thus providing an indication of the 
amount of force being applied to needle 1 0. Any suitable 
means, such as a displacement transducer and appro- 
priate electronic circuitry, may be used for measuring 
the amount of deflection of flexure arms 130. 
[0022] A control means 134 is electrically connected 
to positioning means 128 to control positioning means 
1 28 to operate i) in a first mode of operation to condition 
the probe needle 10 and ii) in a second mode of opera- 
tion for obtaining an electrical characterization meas- 
urement from the electrical characterization measure- 
ment means 116. Control means 134 is further electri- 
cally connected to lock-in amplifier 120 for receiving the 
output signal therefrom. Control means 1 34 can com- 



prise any suitable controller, such as a computer or the 
like, the controller being programmed by known tech- 
niques for performing the desired functions as described 
herein. 

[0023] In further discussion thereof, control means 
134 controls positioning means 128 for providing a de- 
sired downward force. In particular, positioning means 
128 is controlled by control means 134 to be operable 
in the first and second modes as follows. In the first 
mode, positioning means 128 forces the needle tip 12 
down onto the smooth surface of the dielectric layer 16 
in a first controlled manner for causing the needle tip 12 
to undergo a plastic deformation in which an outer por- 
tion 18 of the rounded tip end 12 is maintained at the 
first radius and an inner portion 20 of the rounded tip 
end 1 2 is increased to a second radius R2, the second 
radius being larger than the first. In the second mode, 
positioning means 128 forces the needle tip 12 down 
onto the smooth surface of the dielectric layer 16 in a 
second controlled manner for intimately and electrically 
contacting with the dielectric layer 1 6 within a contacting 
diameter D 2 , the contacting diameter D 2 substantially 
on the order of the inner portion 20 (i.e., diameter D^ of 
the rounded tip end 12. 

[0024] In operation, the POS apparatus 1 00 operates 
in accordance with the present invention for conditioning 
a POS probe 10 and for effecting POS electrical char- 
acterization measurements as follows. For the condi- 
tioning of a POS probe 10, an unconditioned probe nee- 
dle in inserted into receiving means 114. Control means 
1 34 controls positioning means 128 to bring the needle 
tip 1 2 gently into contact with the dielectric layer 1 6, and 
thereafter forces the needle tip 1 2 down onto the dielec- 
tric layer 16 with a force sufficient to develop a pressure 
over a range from a first pressure to a second pressure, 
whereby the needle tip undergoes a desired plastic de- 
formation and is further work hardened thereby. Prefer- 
ably, the pressure is over a range from a first pressure 
on the order of 0-100 psi to a second pressure on the 
order of between 100,000-150,000 psi. More particular- 
ly, the second pressure is on the order of 130,000 psi. 
[0025] The force F^ applied is sufficient to gradually 
develop the pressure from the first pressure to the sec- 
ond pressure, wherein the second pressure is greater 
than the first. The applied force F, may either be i) a 
continuously increasing force, i.e., continuously in- 
creasing from a first force to a second force, sufficient 
to gradually develop the pressure continuously from the 
first pressure to the second pressure, or ii) an incremen- 
tally increasing force, i.e., incrementally increasing from 
a first force to a second force, sufficient to gradually de- 
velop the pressure incrementally (in increments on the 
order of 5,000 to 10,000 psi for example) from the first 
pressure to the second pressure. 
[0026] Monitoring of an amount of the applied force to 
the probe needle 1 0 can be accomplished by monitoring 
an amount of deflection of flexure arms 130, as dis- 
cussed above, the amount of deflection being propor- 
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tional to the amount of force being applied. The moni- 
tored applied force provides feedback for use by control 
means 134 for controlling the positioning of positioning 
means 128. 

[0027] For effecting POS electrical characterization 
measurements, apparatus 100 operates as follows. A 
conditioned POS probe 1 0, conditioned according to the 
above, is inserted into receiving means 114. Control 
means 134 controls positioning means 128 to be oper- 
able in a measurement mode for forcing the needle tip 
12 down onto the smooth surface of the dielectric layer 
16 in a controlled manner. Needle tip 12 is forced down 
onto the smooth surface of dielectric layer for intimately 
and electrically contacting with the dielectric .layer within 
a contacting diameter D 2 as shown in FIG. 4. The con- 
tacting diameter D 2 is on the order of the inner portion 
20 of the rounded tip end 1 2. 

[0028] In further detail, positioning means 128 is con- 
trolled by control means 1 34 for bringing the needle tip 
12 gently into contact with the dielectric layer 16, and 
thereafter forcing the needle tip 1 2 down onto the die- 
lectric layer 16 with a force F 2 sufficient to develop a 
pressure on the order of 20,000 psi. In this manner, the 
needle tip 12 is buried into the dielectric layer 16 and 
the surface of semiconductor substrate 14 within the 
contacting diameter D 2 . Because of the elastic nature 
of dielectric layer 16 and the underlying substrate 14, 
the dielectric layer and substrate return to their corre- 
sponding normal shapes upon retraction of the probe tip 
12 from the surface of dielectric layer 16. That is, the 
elastic deformation limit of the dielectric layer and sem- 
iconductor wafer are not exceeded during the measure- 
ment mode. An optimal contact for capacitance meas- 
urements is thus achieved using the conditioned probe 
needle 10 according to the present invention. Further- 
more, the conditioned probe needle 1 0 is work hardened 
and thus does not undergo appreciable deformation 
during capacitance measurements, rather, the dielectric 
layer and underlying substrate undergo the deforma- 
tion. Measurements taken using the present invention 
are thus very repeatable. In addition, a conditioned 
probe needle according to the present invention pro- 
vides a lengthened useful lifetime. 
[0029] Upon the achieving of the positioning of needle 
tip 12 onto dielectric layer 16, as discussed above for 
the measurement mode, an electrical characterization 
measurement may be made, the measurement being 
similar to that using the conventional MOS measure- 
ment method. A plot of POS measurements in compar- 
ison to MOS measurements taken using the same sub- 
strate, the POS measurement being performed at ap- 
proximately 0.5 mm from a MOS dot, is shown in FIG. 6. 
[0030] In another embodiment, apparatus 100 may 
operate to condition a probe needle 10 in response to 
an electrical characterization measurement or meas- 
urements. That is, control means 134 may monitor a 
measured capacitance, between the probe tip 12 and 
the substrate 14, during the conditioning of the probe 



tip. In this instance, the measured capacitance would 
be compared with a desired capacitance, the desired 
capacitance corresponding to a known capacitance for 
a particular dielectric layer being used. In response to 
5 the measured capacitance, control means 1 34 can thus 
advantageously control positioning means 128 for pro- 
viding force Ft for conditioning the probe needle 10, as 
discussed above. 

[0031] There has thus been shown a method of form- 
10 ing a POS probe needle. The method and apparatus of 
the present invention are well suited for providing a de- 
sired electrical characterization measurement of a die- 
lectric layer upon a semiconductor substrate. The 
present invention further provides a method and appa- 
ratus for advantageously providing a highly conformal, 
well-defined, intimate contact for electrical characteriza- 
tion measurements. 



20 Claims 

1. A method of making a probe for making MOS-like 
electrical characterization measurements of a die- 
lectric layer (16) formed on a semiconductor sub- 

25 strate (14), the dielectric layer having a smooth sur- 
face (15); said method comprising the steps of: 

a) providing an electrically conductive probe 
needle (10), the needle having a rounded tip 

^0 end (12) of a first radius (R1), the rounded tip 

end further being suitable for undergoing a 
plastic deformation; 

b) positioning the needle above the dielectric 
35 layer substantially perpendicular to the semi- 
conductor substrate, then bringing the needle 
rounded tip end into contact with the smooth 
surface of the dielectric layer and thereafter 
forcing the tip end further to apply a gradually 

40 increasing pressure which is gradually in- 

creased from a first pressure to a second pres- 
su re to cause the needle tip to undergo a plastic 
deformation in which the outer portion of the 
rounded tip end is maintained at the first radius 

45 and the inner portion of the rounded tip end is 

increased to a second radius (R2), the second 
radius being larger the the first. 

2. The method according to claim 1 wherein the nee- 
50 die is made of tungsten having a rounded tip end of 

a 0,0127 mm (0.5 mil) radius and, wherein the first 
pressure and the second pressure are in the 0-7 Pa 
(0-100 psi) and (7x1 0 3 - 1 0.5x1 0 3 Pa) (100 000 - 
150 000 psi) ranges respectively. 

55 

3. An apparatus (100) for making MOS-like electrical 
characterization measurements of a dielectric layer 
(16) formed on a semiconductor substrate (14), the 
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dielectric layer having a smooth surface (15); said 
apparatus comprising: 

means (110) for supporting the semiconductor 
substrate in a prescribed position; first contact 
means (1 1 2) for electrically contacting the sub- 
strate; 

an electrically conductive probe needle (10) for 
contacting said dielectric layer for making said 
electrical characterization measurements; 

means (114) for receiving said electrically con- 
ductive probe needle; 

means (116) electrically connected between 
said first contact means and the probe needle 
for providing an electrical characterization 
measurement, representative of an electrical 
characteristic of the dielectric layer when the 
probe needle is in electrical contact therewith; 

means (128) for positioning said receiving 
means such that the probe needle received 
therein is positioned above the dielectric layer 
on the semiconductor substrate; means for 
controlling said positiong means; 

characterized in that, said needle has a rounded tip 
end formed of a plastic deformable material in the 
form of a flattened hemisphere, the side portions 
thereof having a radius of curvature R1 and the flat- 
tened portion having a radius of curvature R2, 
where R2 is greater than R1, and wherein said po- 
sitioning means is further operable to bring said 
probe needle into contact with said dielectric layer 
and to apply in a controlled manner a gradually in- 
creasing pressure up to that pressure value neces- 
sary to cause the needle tip to undergo a plastic de- 
formation. 
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b) Positionieren der Nadel Qber der dielektri- 
schen Schicht im wesentlichen senkrecht zu 
dem Halbleitersubstrat, daraufhin Inkontakt- 
bringen des abgerundeten Spitzenendes der 
Nadel mit der glatten Oberflache der dielektri- 
schen Schicht und anschlieBend weiteres 
Drucken des Spitzenendes, urn einen graduell 
ansteigenden Druck auszuuben, der graduell 
von einem ersten Druck auf einen zweiten 
Druck erhoht wird, urn zu bewirken, dass die 
Nadelspitze eine plastische Deformation er- 
fahrt, bei welcher der auGere Bereich des ab- 
gerundeten Spitzenendes bei dem ersten Ra- 
dius gehalten wird und der innere Bereich des 
abgerundeten Spitzenendes auf einen zweiten 
Radius (R2) vergroGert wird, wobei der zweite 
Radius groBer als der erste ist. 

Verfahren gemaG Anspruch 1 , wobei die Nadel aus 
Wolfram besteht und ein abgerundetes Spitzenen- 
de mit einem Radius von 0,0127 mm (0,5 Milliinch) 
aufweist und wobei der erste Druck und der zweite 
Druck in den Bereichen zwischen 0 Pa und 7 Pa (0 
psi und 100 psi) beziehungsweise 7x1 0 3 Pa und 
10,5x10 3 Pa (100.000 psi und 150.000 psi) liegen. 

Vorrichtung (100) zur Durchfuhrung von MOS-arti- 
gen elektrischen Charakterisierungsmessungen ei- 
ner dielektrischen Schicht (16), die auf einem Halb- 
leitersubstrat (14) gebildet ist, wobei die dielektri- 
sche Schicht eine glatte Oberflache (15) aufweist; 
wobei die Vorrichtung beinhaltet: 

Mittel (110) zum Halten des Halbleitersubstrats 
in einer vorgegebenen Position; erste Kontakt- 
mittel (112) fur eine elektrische Kontaktierung 
des Substrats; eine elektrisch leitfahige Son- 
dennadel (10) zum Kontaktieren der dielektri- 
schen Schicht zur Durchfuhrung der elektri- 
schen Charakterisierungsmessungen; 



Patentanspruche 

1. Verfahren zur Herstellung einer Sonde zur Durch- 45 
fuhrung von MOS-artigen elektrischen Charakteri- 
sierungsmessungen einer dielektrischen Schicht 
(16), die auf einem Halbleitersubstrat (14) gebildet 
ist, wobei die dielektrische Schicht eine glatte Ober- 
flache (15) aufweist; wobei das Verfahren die so 
Schritte umfasst: 



Mittel (1 1 4) zum Aufnehmen der elektrisch leit- 
fahigen Sondennadel; 

Mittel (116), die elektrisch zwischen den ersten 
Kontaktmitteln und der Sondennadel einge- 
schleift sind, urn eine elektrische Charakterisie- 
rungsmessung bereitzustellen, die reprasenta- 
tiv fur eine elektrische Eigenschaft der dielek- 
trischen Schicht ist, wenn die Sondennadel in 
elektrischem Kontakt mit dieser ist; 



a) Bereitstellen einer elektrisch leitfahigen Son- 
dennadel (10), wobei die Nadel ein abgerunde- 
tes Spitzenende (12) mit einem ersten Radius 
(R1 ) aufweist, wobei das abgerundete Spitzen- 
ende des weiteren dafur geeignet ist, eine pla- 
stische Deformation zu erfahren; 



Mittel (128) zum Positionieren der Aufnahme- 
mittel derart, dass die darin aufgenommene 
55 Sondennadel uber der dielektrischen Schicht 

auf dem Halbleitersubstrat positioniert ist; 

Mittel zum Steuern der Positionierungsmittel; 
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dadurch gekennzeichnet, dass die Nadel ein abge- 
rundetes Spitzenende aufweist, das aus einem pla- 
stisch deformierbaren Material in der Form einer 
abgeflachten Halbkugel besteht, wobei die Seiten- 
bereiche derselben einen Krummungs radius R1 5 
aufweisen und der abgeflachte Bereich einen 
Krummungs radius R2 aufweist, wobei R2 grofler 
als R1 ist, und wobei die Positionierungsmittel des 
weiteren derart betatigbar sind, dass die Sonden- 
nadel in Kontakt mit der dielektrischen Schicht-ge- 10 
bracht wird und ein graduell zunehmender Druck in 
einer gesteuerten Weise bis zu jenem Druckwert 
angewendet wird, der notwendig ist, urn zu bewir- 
ken, dass die Sondenspitze eine plastische Defor- 
mation erfahrt. is 



Revendications 

1 . Procede de fabrication d'une sonde destinee a rea- 20 
liser des mesures de caracterisation electrique du 
type MOS d'une couche de dielectrique (16) formee 

sur un substrat de semiconducteur (14), la couche 
de dielectrique presentant une surface lisse (15), 
ledit precede comprenant les etapes consistant a : 25 

a) fournir une aiguille de detection electrique- 
ment conductrice (10), I'aiguille presentant une 
extremite de pointe arrondie (12) d'un premier 
rayon (R1 ), I'extremite de pointe arrondie etant 30 
en outre capable de subir une deformation 
plastique, 

b) positionner I'aiguille au-dessus de la couche 

de dielectrique pratiquement perpendiculaire- 35 
ment au substrat de semiconducteur, amener 
ensuite I'extremite de pointe arrondie de 
I'aiguille en contact avec la surface lisse de la 
couche de dielectrique et ensuite forcer davan- 
tage I'extremite de pointe afin d'appliquer une *o 
pression augmentant progressivement qui est 
progressivement augmentee depuis une pre- 
miere pression jusqu'a une seconde pression 
afin d'amener la pointe de I'aiguille a subir une 
deformation plastique dans laquelle la partie 45 
externe de I'extremite de pointe arrondie est 
maintenue au niveau du premier rayon et la 
partie interne de I'extremite de pointe arrondie 
est augmentee jusqu'a un second rayon (R2), 
le second rayon etant plus grand que le pre- so 
mier. 

2. Procede selon la revendication 1, dans lequel 
I'aiguille est faite de tungstene presentant une ex- 
tremite de pointe arrondie d'un rayon de 0,01 27 mm 55 
(0,5 mil), et dans lequel la premiere pression et la 
seconde pression sont dans des plages de 0 a 7 Pa 

(0 a 100 psi) et de 7 X 10 3 a 10,5 X 10 3 Pa (100 



000 a 1 50 000 psi) respectivement. 

3. Appareillage (100) destine a realiser des mesures 
de caracterisation electrique de type MOS d'une 
couche de dielectrique (16) formee sur un substrat 
de semiconducteur (14), la couche de dielectrique 
presentant une surface lisse (15), ledit appareillage 
comprenant : 

un moyen (110) destine a supporter le substrat 
de semiconducteur dans une position prescrite, 

un premier moyen de contact (112) destine a 
venir electriquement en contact avec le subs- 
trat, 

une aiguille de detection electriquement con- 
ductrice (10) destinee a venir en contact avec 
ladite couche de dielectrique afin de realiser 
lesdites mesures de caracterisation electrique, 

un moyen (114) destine a recevoir ladite aiguille 
de detection electriquement conductrice, 

un moyen (116) relie electriquement entre le 
premier moyen de contact et I'aiguille de detec- 
tion afin de realiser une mesure de caracterisa- 
tion electrique, representative d'une caracteris- 
tique electrique de la couche de dielectrique 
lorsque I'aiguille de detection se trouve en con- 
tact electrique avec celle-ci, 

un moyen (128) destine a positionner ledit 
moyen de reception de facon que I'aiguille de 
detection recue dans celui-ci sort positionnee 
au-dessus de la couche de dielectrique du 
substrat de semiconducteur, 

un moyen destine a commander ledit moyen de 
positionnement, 

caracterise en ce que, ladite aiguille presente une 
extremite de pointe arrondie form6e d'un materiau 
a deformation plastique se presentant sous la forme 
d'un hemisphere aplati, les parties laterales de ce- 
lui-ci presentant un rayon de courbure R1 et la par- 
tie aplatie presentant un rayon de courbure R2, ou 
R2 est superieur a R1, et dans lequel ledit moyen 
de positionnement peut en outre fonctionner afin 
d'amener ladite aiguille de detection en contact 
avec ladite couche de dielectrique et appliquer 
d'une maniere commandee une pression augmen- 
tant progressivement jusqu'a la valeur de pression 
necessaire pour amener la pointe de I'aiguille a su- 
bir une deformation plastique. 
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